Supplementary Information

S.1 Analysis of the phase retrieval transfer function for the presented reconstructions
Supplementary figure S1, a and b Phase retrieval transfer functions for the data presented in Fig. 2 are the reconstructed Fourier amplitudes and I are the measured ones. The angle brackets denote averaging over several independent reconstructions. In our experiment we averaged over ten reconstructions. The phase factor 0  regulates the arbitrary phase offset of each reconstruction to a common level. In literature, different criteria are commonly used to determine the resolution from the PRTF 20,S1 based on the assumption that the correlation between measured and reconstructed Fourier space data in relation to the spatial frequency allows to do so. Here we chose the conservative 0.5 as cut-off value and thus get a momentum transfer of demonstrated that the half-period resolution is a good estimate for the achieved resolution in comparison to an imaging microscope 21 . Consequently, this already suggests sub-wavelength resolution for the used 33.2nm illumination wavelength. An alternative for resolution determination used in literature employs the 90/10 percent line profile method S1 . For the data presented in Fig. 2 , it suggests a resolution of r ~(1.1±0.3), strongly depending on the precise position selected for recording of the line profile. The line profile method also incorporates some uncertainty in case of soft edges of the apertures that may occur following the fabrication process. Hence we are confident that the PRTF method provides more accurate results when determining the resolution. For the real-time measurement presented in Fig. 3 the resulting spatial resolution according to the PRTF ( 
S.2 Phase-resolved reconstruction featuring more parts of the structure
Supplementary figure S2, Complex-valued representation of an object space reconstruction. The phase is encoded in the hue (see colorwheel) and the amplitude in the brightness. The scale bar is one micron.
The reconstruction in Fig. S2 represents the complex-valued object space. One finds the phase stable across the object. This measurement was done with a reduced photon flux before the upgrade of the FCPA setup for a higher average power. However, the reconstruction shows some parts of the letters "Jena" which are not present in the reconstructions in the manuscript, despite the obtained resolution by the line profile method, due to the relatively low flux, was just approximately 60nm. Hence, we are confident that the missing parts of the object in the reconstructions in the manuscript result from obscuration due to a slight tilt of the object with respect to the propagation direction, which was not or less present in the data measured for obtaining Fig. S2 during a previous measurement run. (Fig. S3b) . This compares well to theoretical considerations suggesting an inverse fourth power dependence S2 .
S.3 High resolution CDI measurement for different exposure times
